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I .  OBJECTIVE 

The r e sea rch  program was concerned e s s e n t i a l l y  wi th  a s tudy  of the  

r e l a t i o n s h i p  between t h e  k i n e t i c s  of chemical r e a c t i o n s  a s soc ia t ed  wi th  a 

high r a t e  of energy release,  and t h e  g a s  dynamics of wave phenomena which, 

as  a r u l e ,  accompany such processes .  The u l t i m a t e  purpose of t h e  i n v e s t i -  

g a t i o n  was t o  se t t le  t h e  fundamental problem concerning the  r e l a t i v e  in -  

f l u e n c e  of t h e  r e a c t i o n  r a t e  and t r a n s p o r t  phenomena on the  gene ra t ion  of 

p r e s s u r e  waves by the  process  of chemical energy r e l e a s e  i n  gaseous mixtures .  

* 
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11. ACCOMPLISHMENTS 

The p r i n c i p a l  f e a t u r e  of t h e  method of a t t a c k  was t o  restrict  the  

scope of i nqu i ry  wi th  respec t  t o  chemistry by t h e  primary use of t h e  ozone 

decomposition r e a c t i o n .  

I n  o r d e r  t o  accomplish such an o b j e c t i v e  an ozone product ion p l a n t  

was b u i l t .  I t  was based on the  use  of a Welsbach T-23 l abora to ry  ozonator  

where a moderately low concent ra t ion  ( -  5 w/o) of ozone was a t  f i r s t  

ob ta ined  i n  pure oxygen by t h e  a c t i o n  of corona d ischarge .  The mixture  was 

passed then t o  an ozone concent ra tor  where i t  was cooled down i n  a l i q u i d  

oxygen ba th .  The excess  oxygen was subsequent ly  d i s t i l l e d  o f f  a s  t he  p re s su re  
c 
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was decreased t o  approximately 1 mm Hg by a mechanical vacuum pump, reducing 

t h e  oxygen content  t o  almost 1 pro-mi l le  i n  mole f r a c t i o n .  The ozone was 

then evaporated and s t o r e d  under a tmospheric  p r e s s u r e  and room temperature  

3 i n  a s t a i n l e s s  s teel  v e s s e l  of 500 i n  capac i ty .  With except ion  of t h e  l i q u i d  

oxygen Dewar f l a s k  and the  cold f i n g s r "  where t h e  mixture  was condensed, t h e  

whole appara tus  was made out  of s t a i n l e s s  s t ee l .  I t  was housed i n  an en- 

I t  

c l o s u r e  of 1/4" aluminum p l a t e  s h i e l d s ,  and a l l  o p e r a t i o n s  were performed by 

r e m 0  te c o n t r o l  . 
Most of t h e  experiments were c a r r i e d  ou t  wi th  t h e  use of Pyrex g l a s s  

tubes  of i n s i d e  d iameters  of 1 i n . ,  1/2 i n . ,  1/4 i n . ,  and 1 mm. The 1/2 i n .  

and 1/4 i n .  tubes were made up of f i v e  c a r e f u l l y  a l igned  6 f t .  s e c t i o n s  

connected i n t o  a 30 f t .  t o t a l  l e n g t h  by f l a n g e s  and Neoprene O-rings. For 

t h e  experiments i n  the  1 i n .  diameter  tube i ts  30 f t .  long s e c t i o n  was 

connected t o  a s i m i l a r l y  long s e c t i o n  of the 1/2 i n .  tube y i e l d i n g  a tube 

l eng th  of 63 f t .  which permit ted t h e  achievement of a f u l l y  developed de- 

t ona t ion  wave. The l mm tube cons i s t ed  of two s e c t i o n s :  18 f t .  of t he  1/4 

i n .  tube a t  t he  i g n i t i o n  end and 15 f t .  of fused  30 i n .  p i eces  of p rec i s ion -  

bore (+ 0.0003 i n . )  1 mm tube. A l l  tubes  were covered wi th  heavy b l ack  t ape  

t o  keep s t r a y  l i g h t  o u t ,  and were mounted on a metal  frame. 

- 

I g n i t i o n  e i t h e r  by spark or glow-coil  was always performed a t  one end,  

whi le  observa t ions  of t he  waves were made by means of a s y s t e m  of f o u r  

o p t i c a l l y  a l igned  RCA 1P21 pho tomul t ip l i e r  s enso r s  nea r  t he  o t h e r  end. The 

s i g n a l s  from t h e  pho tomul t ip l i e r s  were converted through thy ra t ron  c i r c u i t s  
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i n t o  shaped pu l ses  and superimposed upon a r a s t e r  o s c i l l o s c o p e  sweep. I n  

t h i s  way t h e  wave propagat ion v e l o c i t y  could be measured w i t h  an unce r t a in ty  

of less than 0.2%. 

Besides  t h e  work wi th  t h e  ozone-oxygen system, s t u d i e s  were a l s o  con- 

duc ted ,  wi th  a p a r t i a l  support  of t he  NASA Grant ,  on t h e  gene ra t ion  of 

p re s su re  waves by a c c e l e r a t i n g  f lames i n  hydrogen-oxygen mixtures .  On one 

hand, t h i s  provided much e a s i e r  means f o r  t he  gasdynamic experiments ,  b u t ,  

on the  o t h e r ,  t he  k i n e t i c s  i n  t h i s  case  were too  involved t o  y i e l d  s a t i s -  

f a c t o r y  information on t h e  r e l a t i o n s h i p  between t h e  dynamic and chemico- 

k i n e t i c  processes  t h a t  represented  t h e  major o b j e c t i v e  of t h e  program. 

The r e s u l t s  of the  study can be summarized a s  fo l lows:  

While t h e  experimental  observa t ion  of wave processes  and t h e i r  gasdynamic 

i n t e r p r e t a t i m  were q u i t e  f r u i t f u l ,  t h e  e s t ab l i shmen t  of a l i n k  between t h e  

f l u i d  dynamic e f f e c t s  and the k i n e t i c s  was s e r i o u s l y  handicapped by t h e  l ack  

of information on the  r eac t ion  mechanism a t  t h e  h igh  temperature  l e v e l  of 

t h e  a c c e l e r a t i n g  flame and de tona t ion .  

I n  p a r t i c u l a r  i t  was found t h a t  t he  known "low temperature' '  k i n e t i c s  of 

t h e  ozone decomposition r eac t ion  scheme, which seemed q u i t e  r e l i a b l e  up t o  

akout 1000 K ,  could n o t  be ex t r apo la t ed  wi th  t h e  use of t h e  same r a t e  ex-, 

p r e s s i o n s  t o  t h e  3000 K l e v e l  of t h e  de tona t ion  wave. I t  became necessary 

t h e r e f o r e  t o  concen t r a t e  f i r s t  on t h e  observa t ion  of t h e  s t r u c t u r e  of t he  

f u l l y  developed de tona t ion ,  where t h e  k i n e t i c  e f f e c t s  should be predominant, 

be fo re  a t tempt ing  t o  s tudy  t h e  p rocess  of flame a c c e l e r a t i o n  f o r  which the  
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knowledge of k i n e t i c s  is  a necessary p r e r e q u i s i t e .  I n  the  meantime i t  was 

a l s o  e s t a b l i s h e d  t h a t  even the  e x i s t i n g  knowledge of de tona t ion  v e l o c i t i e s  

i n  ozone-oxygen mixtures  was not accu ra t e  enough f o r  the  purpose of t h i s  

s t u d y ,  w h i l e ,  a t  t h e  same time, r e c e n t  advances i n  t h e  theory of v i b r a t i o n a l  

r e l a x a t i o n s  suggested t h a t  exac t  measurement of t h i s  parameter  may be of 

p a r t i c u l a r  s i g n i f i c a n c e  i n  t h i s  r e s p e c t  a s  w e l l .  

Consequently,  a f t e r  some pre l iminary  observa t ions  of the  development of 

de tona t ion  i n  ozone-oxygen mixtures ,  t he  program of r e sea rch  was modified i n  

o r d e r  t o  improve f i r s t  t h e  knowledge on the  c h a r a c t e r i s t i c s  of the s t eady  

de tona t ion  wave and on the  corresponding "high temperature" k i n e t i c s  which 

could n o t  be t r e a t e d  i n  a s a t i s f a c t o r y  manner by the c l a s s i c a l  theory .  

A s  a r e s u l t  of t h e  experimental  program t h e  v e l o c i t y  of s teady  de tona t ion  

waves i n  gaseous ozone have been measured over  a wide range of cond i t ions :  

i n  tubes of diameter  between 1 and 25.4 mm, a t  i n i t i a l  p re s su res  between 80 

and 220 mm Hg and i n  mixtures  conta in ing  from 72 .5  t o  96.6% ozone i n  oxygen, 

argon and helium. The r e s u l t s ,  e x t r a p o l a t e d  t o  i n f i n i t e  tube  d iameter ,  ag ree ,  

w i t h i n  the experimental  e r r o r ,  w i t h  the  c a l c u l a t e d  Chapman-Jouguet de tona t ion  

v e l o c i t i e s  corresponding t o  complete thermodynamic equ i l ib r ium of r e a c t i o n  

products .  

The r e s u l t s  of t h e  a n a l y t i c a l  work t h a t  was c a r r i e d  o u t  a t  t h e  same t i m e  

have been q u i t e  r evea l ing .  The computations of i so thermal  r e a c t i o n  processes  

demonstrated the  inadequacy of the quas i - s  teady s t a t e  approxima t i o n  This 

l e d  t o  t he i r  ref inement  by the use  of a s i n g u l a r  p e r t u r b a t i o n  technique t h a t  
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has  been developed r e c e n t l y  f o r  t h e  s tudy of boundary l a y e r  phenomena. 

Furthermore,  exac t  determinat ions of Hugoniot curves  and Chapman- 

Jouguet  s t a t e s  have been made by means of an IBM 7040 computer wi th  t h e  

use  of the  b e s t  a v a i l a b l e  thermodynamic equ i l ib r ium da ta .  The s t r u c t u r e  

of t he  de tona t ion  wave has been determined by a numerical  a n a l y s i s  t h a t  

took i n t o  account t he  e f f e c t  of t r a n s p o r t  phenomena wi th  chemical k i n e t i c s  

descr ibed  i n  terms of the  quas i - s teady-s ta te  approximation. A program f o r  

t he  computation of wave s t r u c t u r e ,  t ak ing  i n t o  account t h e  whole chain- 

k i n e t i c  scheme of t h e  r e a c t i o n ,  b u t  without  cons ide ra t ion  of t r a n s p o r t  

p rocesses  ( t h e  von Neumann-Dzring-Zeldovich model) has  been a l s o  worked o u t .  

I n  March 1963 a proposal  (UCBSSL 154) w a s  submitted t o  NASA f o r  suppor t  

of t he  con t inua t ion  of t h i s  program of r e sea rch .  Unfor tuna te ly  i t  was no t  

g ran ted .  

t h e  wave s t r u c t u r e  could be gained.  This  was p a r t i c u l a r l y  r e g r e t t a b l e  i n  

view of t he  f a c t  t h a t  both the experimental  and a n a l y t i c a l  r e s u l t s  gave 

c l e a r  i n d i c a t i o n  of the  s i g n i f i c a n c e  t h a t  such experiments could y i e l d  

i n  c l a r i f y i n g  t h e  r e l a t i o n s h i p  between r e a c t i o n  k i n e t i c s  and the  gasdynamic 

e f f e c t s  of wave processes .  

Consequently the  work had t o  be terminated be fo re  any i n s i g h t  i n t o  
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